INTRODUCTION
Attenuation and anisotropy in thinly layered overburden formations compromise seismic image quality if not properly accounted for.
So-called apparent attenuation refers to the attenuation inferred from seismic primaries. It is typically assumed that it consists of two contributions. These are intrinsic attenuation (wave energy decay due to inelastic absorption) and scattering (wave energy decay due to loss of coherence; O' Doherty and Anstey, 1971; Müller and Shapiro, 2001) . Thus, , (1) where Q is the quality factor. In order for scattering attenuation to be the main contributing factor, elastic properties of the layers have to exhibit strong spatial variations. This can happen in settings like stacks of coal seams, formations or multiple layers of stiff carbonates interlaid with soft sediments.
Variation of properties of thin horizontal layers can also cause long-wave seismic anisotropy, resulting in an apparent VIT medium (Backus, 1962) . Usually this anisotropy is mild. However, in case of strong compressibility contrasts between the layers, this bedding induced polar anisotropy can become significant. Therefore, we anticipate that strong scattering attenuation may be also associated with strong polar anisotropy.
To understand if such a strong scattering attenuation and anisotropy scenario is relevant in the context of Australia's NW shelf exploration projects, we carry out a combined attenuation and anisotropy study. This study is motivated by our multiple-well study using open file data, mainly from Carnarvon basin (Pevzner et al., 2013) . Analysis of numerous wells in that area shows that intrinsic attenuation is the dominant factor, while large scattering attenuation was reported for some other areas (Mangriotis et al., 2013) .
A combined analysis of vertical seismic profiling and well log data can be used to estimate apparent attenuation and the relative contributions of intrinsic and scattering attenuation. Recently, (Pevzner et al., 2012 ) established a robust workflow, which produces reliable apparent Q estimates from zero-offset VSP data using a modified centroid frequency shift method and quantify the scattering component using seismic forward modelling.
Here we present a modelling study using log data from Madeleine 1 well from NW Shelf. We find strong scattering attenuation and anisotropy.
ESTIMATION OF SCATTERING ATTENUATION FROM SYNTHETIC VSP DATA
Madeleine 1 well was drilled in NW Shelf in 1969, however it has a reasonably good log coverage, including sonic log for the entire depth range and density log for the most of it. It is also known that surface seismic data exhibits significant amplitude dimming in the vicinity of the well. In order to evaluate the amplitude decay due to the 1D scattering (which would form the lower bound of the apparent seismic attenuation) we perform the following steps: -build elastic model using log data ; -upscale it to 1.5 m regular grid using Backus averaging (Backus, 1962) , the model is shown in Figure 1 ;
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-compute synthetic VSP seismogram using reflectivity method; -estimate scattering Q.
We use Gardner equation (Gardner et al., 1974) to reconstruct missing density values and Castagna mudrock line equation (Castagna et al., 1985) to estimate shear wave velocity values. The resulting model is shown in Figure 1 . Shallow carbonate layers in the interval of ~300-900 m show significant variations in the elastic properties. To compute synthetic data we employ MIT OASES global matrix algorithm (Schmidt and Jensen, 1985) . We place receivers in the depth interval of 0-4400 m with 10 m spacing, shot point offsets are 20-3000 m with 20 m increment. In order to produce synthetic seismograms we use 50 Hz Ricker wavelet.
This synthetic dataset can be used to study seismic attenuation from zero-offset VSP data (for normal incidence) and anisotropy from walk-away VSP and/or surface seismic configurations. An example of synthetic zero-offset VSP seismogram is shown in Figure 2 . Synthetic ZVSP data computed for the Madeleine 1 were used to derive seismic attenuation parameters using centroid frequency shift method (Pevzner et al., 2012; Quan and Harris, 1997) .
We separate downgoing P-wave, estimate its amplitude spectra , centroid frequency and width of the spectra expressed as variance for each receiver location:
∫ ∫ ⁄
, (3) where is frequency.
To obtain Q values we use the relationship between the centroid frequency shift of the spectra between the pairs of receivers:
, (4) where is the time delay and is a scalar which depends of the shape of the spectra. For Gaussian-shaped spectra this constant is equal to 2 (Quan and Harris, 1997) , for the actual shape it can be derived through a simple calibration process.
Centroid frequency shift and energy decay curves are presented in Figure 4 , where Q values are plotted above the top curve. Obtained Q values must represent scattering attenuation as we synthetic seismograms were computed using an elastic model for all layers.
This example shows centroid frequency decay of ~5 Hz in the interval of 270-760 m. In this interval, the wave energy decays by approximately the factor of two. This corresponds to the scattering Q of as low as 55. In the bottom part of the well the scattering attenuation is also significant, Q = 210.
ANISOTROPY FROM LAYERING
We use Backus (1962) formulas to get an estimate of the seismic anisotropy from log data in thick layers. To do this we increase the size of the window used for averaging to 50 m, which is of the same order as the wavelength one could expect to have in the field experiment. Figure 5 shows the Thomsen's anisotropy parameters (Thomsen, 1986) and unelliptiicyt parameter  (Alhalifa and Tsvankin, 1995) obtained through this process. To confirm these findings we also analyze travel time curves of the direct wave obtained for the synthetic walk-away VSP. Figure 6 shows the wavefield recorded by the receiver located at 760 m depth (bottom of the high-contrast stack of carbonate layers) and travel time curves computed using the anisotropic moveout equation from Alkhalifah and Tsvankin (1995) :
where x is offset, V is moveout velocity and T 0 is travel time at zero offset.
It is quite obvious that the direct wave exhibits anisotropic moveout with  = 0.43. This value is consistent with the prediction from the Backus averaging. Presence of strong VTI anisotropy in the similar area derived from surface seismic data analysis was previously reported by Davies (2003) .
CONCLUSIONS
A synthetic study was carried out to investigate possible effect of scattering in shallow carbonate layers typical for some areas in NW Shelf, Australia.
1D scattering in the layer of carbonates present in the Madeleine 1 well can cause significant seismic attenuation (Q scat~5 5). This attenuation should have a substantial effect on surface seismic data quality, resulting in a loss of energy by the factor of 4 and ~10 Hz centroid frequency shift towards the low frequencies. The same stack of high-contrast layers can also cause significant anisotropy. This opens a possibility to use anisotropy parameters to predict anomalously high attenuation areas and vice-versa. However deeper understanding of the relation between the two requires future study.
Both anisotropy and attenuation of such magnitudes will have significant implications on seismic imaging and should be taken into account in data acquisition design and processing.
In this research we used a purely 1D model. The real situation may, however, be different as the shallow part of the section can also exhibit significant lateral variations.
